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Abstract

Animal word list generation (ANWLG) was administered to 47 first-episode schizophrenia (FES) participants and
31 controls. Fifty-nine left temporal lobe epilepsy (LTLE) participants were included as a comparison group with
known temporal lobe damage and expected semantic deficits. Semantic knowledge was assessed with the
Association Index (Al), a measure of the semantic relatedneall obnsecutive ANWLG responses.
Neuropsychological tests of language and executive functioning were also administered. Results showed that both
FES and LTLE groups generated fewer ANWLG responses than controls, but only the LTLE participants obtained a
lower Al relative to controls. FES participants did not differ from controls on the Al. FES and LTLE groups

produced fewer semantic subcategories (clusters), however, only the LTLE group produced fewer words per
subcategory compared to controls (cluster size). FES participants produced a higher rate of perseverative responses
compared to the other groups. Finally, correlation analyses showed that for FES participants both executive and
language tests significantly correlated with ANWLG total responses, while the correlation between ANWLG and
only 1 language test was significant for LTLE participants. Taken together, the results suggest that reduced
ANWLG output in FES participants may be best conceptualized as a deficit in the executive component of

word list generation (i.e., semantic seafabcess, response monitoring) or global cognitive impairment.

(JINS 2003,9, 384-393.)

Keywords: Schizophrenia, Semantic knowledge, Animal word list generation, Category fluency, First episode
schizophrenia

INTRODUCTION have not considered several methodological issues that may

have influenced their results, including the dependent vari-

Recently, investigators have attempted to link the hallmar bles used to assess the semantic component of ANWLG
features of schizophrenia, namely disorganized thinking an erformance, inclusion of only chronic patient samples, and

Iposening of associat.ions (American P_sychiatric ASSOCiafhe lack of comparison groups with semantic processing
tion, 1994), to semantic knowledge deficits (Goldberg et al'tJIeficits. Each of these potential methodological limitations

1998;_Rossel| et _al., 1999)._Studies cite poor per_formanc% reviewed below and addressed in the design of the present
on animal word list generation (ANWLG) and indices de- udy

rived from this task as evidence for semantic knowledge
deficits in schizophrenia (Aloia et al., 1996; Goldberg et al.,
1998; Gourovitch et al., 1996; McKay et al., 1996; PaulsePANWLG Dependent Variables
et al., 1996; Rossell et al., 1999). However, these studies

Several authors have interpreted impaired ANWLG in
. N . o schizophrenia not as a deficit in semantic knowledge, but as
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Zakzanis et al., 2000). Interpretation of reduced output 0r1993), others have acknowledged the potential bias in these
ANWLG is ambiguous due to the multifactorial nature of methods (Rossell et al., 1999).
this task. Gruenewald and Lockhead (1980) proposed a two- Several studies have explored the semantic integrity of
component model of category fluency performance. TheiANWLG output with methods that include all responses
model is based on the observation that healthy, control pai“Moelter et al., 2001; Robert et al., 1998; Zakzanis et al.,
ticipants initially produce a cluster of highly semantically 2000). For example, Robert et al. (1998) and Zakzanis et al.
related responses (i.e., responses that share many simil@000) recorded the number of consecutive responses gen-
attributes) in quick succession. Then, after a comparativelgrated from the same semantic subcategory or cluster (e.g.,
long response latency, participants switch into a new clusfarm animals birds, etc.) and the number of times partici-
ter of highly related responses. Gruenewald and Lockheagdants switched from one semantic subcategory to anbther.
(1980) concluded that the ability to generate clusters oBoth studies reported that schizophrenia patients produced
semantically meaningful responses (semantic knowledgdgewer words within a semantic subcategory cluster and
is independent from the ability to search and shift from oneswitched from one subcategory to another less often rela-
cluster to another (semantic seafabcess). Thus, reduced tive to healthy controls. Although Robert et al. (1998) in-
ANWLG output may be secondary to degradation of semanterpreted their findings as evidence for both impaired
tic knowledge or impaired sear¢hiccess (see also War- semantic knowledge and retrieval, Zakzanis et al. (2000)
rington & Shallice, 1979). Moreover, the seafabcess and reported that the impairment in switching was greater than
semantic knowledge components have been associated withat of cluster size and suggested a more significant deficit
different brain regions, with the prefrontal cortex associ-in searchiaccess (i.e., frontal lobe functions) relative to se-
ated with the former and temporal lobe linked to the lattermantic knowledge (i.e., temporal lobe function). Finally,
(Troyer et al., 1997, 1998a, 1998b). Moelter et al. (2001) included both multidimensional scal-
Several investigators have acknowledged the multifactoing and a measure that quantifies the number of semantic
rial nature of category fluency and have turned to multi-attributes shared by consecutive responses (i.e., Associa-
dimensional scaling and additive tree clustering techniqueton Index; Giovannetti et al., 1997) in their study of
to measure the integrity of semantic knowledge indepenANWLG. Multidimensional scaling results were consistent
dent from searcfaccess processes (Aloia et al., 1996; Charwith previous reports, and the Association Index showed
et al., 1993; Paulsen et al., 1996; Rossell et al., 1999). Ithat schizophrenia patients’ ANWLG responses shared sig-
brief, these statistical techniques assess the order in whichrdficantly fewer attributes compared to controls’ responses.
subset of 11 to 17 of the most common ANWLG responsed hey concluded that both seayeltcess and semantic knowl-
is produced (i.e.cat, dog cow, horse etc.). Based on the edge are impaired in schizophrenia.
notion of automatic spreading of activation, it is assumed
that animals that are semantically related (ehgrseand ) o
cow) are produced in close proximity (i.e., with fewer in- Disease Chronicity

tervening words) relative to animals that are not so strongly¢ ihe studies that have examined all ANWLG responses,
associated (e.ghorseand cay). In general, results have oy chronic patient samples were included (Moelter et al.,
shown that schizophrenia participants demonstrate a Ie%m; Robert et al., 1998; Zakzanis et al., 2000). We be-
stable (two-dimensional) organization of this subset of réqigye the issue of disease chronicity is potentially relevant
sponses and fail to group the responses into meaningful,q arrants investigation. For example, Paulsen et al. (1996)
clusters relative to healthy controls. These data have beer'éported that patients with late-onset schizophrenia (i.e.,
inte_rpreted as evidgnce of impaired semantic knowledge iR set after age 45) showed relatively preserved semantic
schizophrenia (Aloia et al., 1996; Paulsen etal., 1996; ROS(')rganization of ANWLG output relative to patients with an
sell et gl:, 1999). ) ) earlier onset of the disease. The late and early onset patients

Multidimensional scaling and related techniques offer a,are the same age at the time of testing and generated an
rigorous method to quar_1tif_y t_he semantic relgtedness Oéqual number of words on ANWLG. They differed only in
ANWI__G responses. One limitation of these techniques, how’medication regimen and negative symptoms (i.e., more early
ever, is that only a subset of the most frequent responses i,sqt patients received anticholinergics and obtained higher
analyzed. For example, Aloia et al. (1996) reported thahegative symptom ratings). The present study explores the
schizophrenia patients generated an average of 14 rsiaqrity of semantic knowledge in first episode schizophre-
sponses of which an average of 5.7 (or 41%) were includedj patients to assess whether evidence of semantic deficits
In th? multldlmgnsmnal S(_:allng analysis. A second limita-j, chronic schizophrenia patients reflect impairment sec-
tion is that patients consistently generate fewer ANWLGondary to schizophreniger seor from the long-term,

responses relative to controls. Thus, patients generally 9€ljiobal cognitive effects of medication, afat institution-
erate fewer of the analyzed target responses (Aloia et algi;ation (see Friedman et al., 1999).

1996; Paulsen et al., 1996; Rossell et al., 1999). Although
some have argued that the statistical methods used in multi-
Troyer (2000) and her colleagues (1997a, 1998a, 1998b) have exten-

d'mens_'onal scaling are robust irrespective of group dlﬁcer'sively researched this scoring method with a wide range of populations,
ences in the number of target words analyzed (Chan et alipcluding dementia, normal aging, and focal cortical lesions.
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Semantic Knowledge-Impaired poral lobe respectively. Therefore, correlations between these
Comparison Group tests and ANWLG performance will provide additional evi-

dence for the neuropsychological functions that contribute
Lastly, studies of ANWLG in schizophrenia have not in- {5 reduced output for each group. If ANWLG is reduced
cluded comparison groups of patients expected to show sgqe to semantic knowledgtemporal lobe deficits, then AN-
mantic knowledge impairments (i.e., Alzheimer’s diseaseyy| G should significantly correlate with language tests. By
left temporal lobe epilepsy). A semantically impaired com-cgntrast, if output is low due to searttcesgfrontal lobe

parison group would provide a standard by which to eval-eficits, then tests of executive functioning and ANWLG
uate schizophrenia patients’ performance on ANWLGghould significantly correlate.

semantic indices, while controlling for reduced fluency and
the effects of general cognitive impairment.

Patients with left temporal lobe epilepsy (LTLE) are an METHODS
ideal comparison group for several reasons. First, the tem-
poral lobes, which are affected in LTLE, are considered toR
be the site of semantic storage (Chertkow et al., 1997; Gar-
rard et al., 1997; Hart & Gordon, 1990; Papps et al., 2000Forty-seven first episode schizophrenia (FES) participants
Troyer et al., 1997, 1998a, 1998b), and investigators havgere recruited from Hillside Hospital after admission for
demonstrated impaired semantic knowledge in LTLE pafjrst episode of psychotic illness. Twenty-seven partici-
tients on a range of tasks (Bell et al., 2001; HelmstaedtebamS were men (57%) and 32 were right-hand dominant
etal., 1997), including category fluency (Troster et al., 1995)g80s). Participants had less than 12 weeks cumulative neuro-
For example, Troster et al. (1995) have shown that LTLEgptic treatment. All met Research Diagnostic Criteria for
participants demonstrate smaller clusters and more supeschizophrenia (Spitzer et al., 1978; subtypes included 37
ordinate category labels (e.druit vs. applg relative to  paranoid, 3 disorganized, and 7 undifferentiated) and all
controls on the Supermarket Fluency Test. Lastly, LTLEyere tested after initial stabilization of psychosis. These
participants tend to be considerably younger than other pasarticipants were enrolled in the Prospective Study of Psy-
tient populations with semantic deficits (i.e., Alzheimer’s chobiology in First Episode Schizophrenia (previously re-
disease), making them a more appropriate comparison groygyrted in Bilder et al., 1991, 1992, 1995, 2000; Goldstein
for FES participants (see also Gold et al., 1994; Seidmagt a|., 2002; Lieberman et al., 1992, 1993a, 1993b; Robin-
etal., 1998). son et al., 1999a, 1999b).

Fifty-nine left temporal lobe epilepsy (LTLE) patients
were recruited from Long Island Jewish Medical Center
Epilepsy Clinic. All participants were tested as part of a
To determine whether reports of semantic knowledge defeomprehensive evaluation for epilepsy surgery. Partici-
icits in previous studies were due to the fact that only apants were considered to have medically intractable com-
portion of output was analyzed or that only chronic pa-plex partial seizures of left temporal lobe origin. All
tients were assessed, the present study examines semargarticipants were evaluated with continuous video-scalp
knowledge by analyzing all ANWLG responses producedelectroencephalographic (EEG) monitoring and seizure fo-
by first episode schizophrenia participants. Moreover, incus was confirmed from the results of ictal and inter-ictal
addition to healthy controls, participants with left tempo- EEG recordings. All participants subsequently underwent
ral epilepsy (LTLE) were studied as a semantically im-a left temporal lobectomy. On average, participants had
paired comparison group. Performance of the comparisosuffered from epilepsy for 14.2 yearSp = 9.6) and were
group will demonstrate how participants with semanticprescribed various anticonvulsant medications. Twenty-
knowledge deficits from temporal lobe dysfunction will four participants were men (41%) and all were right-hand
perform on our ANWLG indices. If both FES and LTLE dominant.
participants are impaired on our ANWLG indices of se- Thirty-one healthy controls were recruited from the Long
mantic knowledge, then we will show support for seman-Island Jewish Medical Centgdillside Hospital commu-
tic knowledge degradation in schizophrenia. If, however ity through announcements in local newspapers and within
only LTLE participants are impaired on the semantic com-the medical center. They were free of mental disorders as
ponent of ANWLG, then the results will suggest that se-determined by using the Schedule for Affective Disorders
mantic knowledge is relatively preserved in FES, and thatind Schizophrenia (SADS) Lifetime Version Interview, phys-
the methodological issues addressed above might explainal examination, and urinalysis (see Lieberman et al., 1992).
the previous reports of semantic knowledge degradation iarticipants reported no history of substance abuse or
schizophrenia. neurologi¢ psychiatrigmedical illness. Twenty-one of the

Finally, we also explored the relationship between back-controls were men (68%) and 23 were right-hand dominant
ground tests of executive functions and language and74%). Data from these participants have been reported in
ANWLG performance. Tests of executive functioning andprevious studies (Bilder et al., 1991, 1992, 1995, 2000;
language are associated with the prefrontal cortex and tent-ieberman et al., 1992).

esearch Participants

Present Study
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Table 1. Demographic characterization of the groups

First episode schizophrenialLeft temporal lobe epilepsy Controls

(N =47) (N = 59) (N = 31)
Characteristic M (SD) M (SD) M  (SD)
Age 25.76 6.77 33.1 9.17 25.2 6.07
Education 13.26 1.95 12.66 2.33 150 1.48
WAIS-R FSIQ 84.94 12.51 84.69 12.62 109.3 11.51

Demographic Characterization
of the Groups

Table 1 shows that the LTLE group was significantly older
than the FES and control grouds;(2,1349 = 16.0,p <
.001]. The FES and LTLE groups had fewer years of edu-
cation,[F(2,139 = 12.93,p < .001], and a lower Wechsler
Adult Intelligence Scale—Revised (WAIS-R; Wechsler,
1987) Full Scale IQ (2,139 = 46.04,p < .001], com-
pared to control participants. The distribution of men and
women differed j?(2) = 6.7, p = .036]. All demographic
variables were included as covariates in subsequent be-
tween group analyses.

Animal Word List Generation (ANWLG)

Participants produced as many different animal names as
possible in 60 s. The following 5 dependent variables were
obtained:

1. Total Responseg:he total number of responses, includ-
ing perseverations and extra-category intrusion re-
sponses (e.gghair).

2. Association Index (Al)Subjects’ responses were char-
acterized on each of the following categories as de-
scribed in Giovannetti et al. (1997): sizbig, small);

geographic locationfpreign North Americg; diet (her- 4.

bivore, carnivorg omnivore; zoological class ifisect
mammalbird, etc.); habitat arm, Africa/jungle, wide-
spread etc.); and biological ordérelated groupingsfe-

line, caning boving etc.)? The Al is calculated by g

summing the number of shared category attributes be-
tween all successive responses and then dividing by the
total number of words generated minus one. Using this
scoring technique, a string of highly associated re-
sponses (e.gtjger, jaguar, leopard etc.) share many
attributes and yield a higher Al than a string of unrelated
responses (e.gtiger, alligator, pigeon. In sum, the Al

is a measure of the strength of semantic association be-
tween all consecutive responses. Support for this index

as a measure of semantic knowledge was obtained in |§

Alzheimer’s disease compared to participants with sub-
cortical ischemic vascular dementia (see Giovannetti
et al., 1997, for more details).

3. Number of Clusters (Clustersk cluster is defined as a

group of two or more consecutive responses that share
anyfour or more attributes. The decision to define clus-
ters on the basis of four attributes was made to ensure a
minimum degree of association between successive re-
sponses. For example, in a previous study (Giovannetti
et al., 1997) we observed that clusters defined on the
basis of fewer than four attributes sometimes resulted in
groupings that were not clearly meaningful (i.&qg
andantshare the three attributemall native andwide-
spread. By contrast, upon inspection, animals that shared
four or more attributes were much more obviously asso-
ciated. Although admittedly arbitrary, this cluster score
is significantly reduced in elderly dementia participants
relative to healthy, age-matched controls (Giovannetti
et al., 1997)

The number of clusters generated was summed for
each participant. Based onthe conceptualization of Gruene-
wald and Lockhead (1980), this index measures the ex-
ecutive ability necessary to search and shift from one
semantic subcategory to another (see Giovannetti et al.,
1997).

Cluster SizeThe number of words in a cluster divided
by the number of clusters. This variable assesses the
“automatic” activation of exemplars from a semantic sub-
category once the subcategory is accessed.

Perseverative Response Rat&he percent of ANWLG
responses that were perseverations. We chose this mea-
sure instead of the total number of perseverative errors
to control for the difference in ANWLG output between
patient groups and controls. The perseverative rate was
calculated by dividing the number of perseverations by
ANWLG Total Responses (i.e., correct responsger-
severations- other errors), and then multiplying by 100.

europsychological Assessment

previous study that showed the Al, but not total ANWLG In addition to the WAIS-R and ANWLG, tests of language
responses, was significantly lower in participants withand executive functioning were administered. The 60-item

2We have compiled a large electronic dictionary of animals that lists

SExtra-category intrusion errors were extremely rare across all groups;

their relevant attributes to ensure consistency across raters scoring the Aherefore, these errors were not analyzed.
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version of the Boston Naming Test (BNT; Kaplan et al., Table 2. Group means and standard deviations for total
1983), Sentence Repetition (Benton & Hamsher, 1978responses, association index, and clusters
Spreen & Benton, 1969), and Token Test (Benton & Ham-
sher, 1978; DeRenzi & Falgoni, 1978) were administered to
assess basic language skills associated with temporal lobe
functions. The number of correct items was the dependent
variable for the BNT (maximum= 60) and Sentence Rep- Measure M SD M sb M SD
etition (maximum= 22). The dependent variable for the -q . 1act responses 16.0 5.6 144 49 249 55
Token test was the number of correctly executed commandgssgciation index 3.1 0.68 28 065 3.3 047
after the first or second administration (maximenv8). Clusters 37 16 34 15 6.2 2.1
The Trail Making Test and Wisconsin Card Sorting Test
(Grant & Berg, 1948) were administered as indices of ex-
ecutive controfprefrontal lobe functions. The dependent
variables for the Trail Making Test included the time (in A
seconds) to complete Part A (Trails—A) and the time to
complete Part B (Trails-B). For the WCST the dependentrhe mean Al across the groups is reported in Table 2. There
variables were the number of perseverative errors (WCSTwas a significant effect of group for AIF(2,134 = 6.1,
perseverations) and the number of categories successfully=.003]. Post-hocests showed that only the LTLE group
completed (WCST-categories). obtained a lower Al compared to controls € .005; effect
size=.79). There was a trend suggesting that FES partici-
pants obtained a higher Al relative to the LTLE participants
Data Analysis (p = .079; effect size= .45), and there was no difference

between the FES group and controls. This effect remained

Statistical analyses were performed with the SPSS packaggy hificant after demographic variables were entered as co-
(Release 9.0.1). Variables that were not normally d'St”b'variates[F(S 133 > 4.20,p < .017 for all].

uted were transformed for parametric statistical analysis:
clusters (log), BNT (square root), Trails—A (square root),
Trials—B (log). Between-group differences for all normal Clysters

(and transformed) variables were analyzed with a series of

univariate analyses of variance (ANOVAs). Scheffé testdA significant between-groups difference was also observed
were used for alpost-hoccomparisons. Demographic vari- for clusters[F(2,134 = 23.1,p < .001]. FES and LTLE
ables that differed across the groups (i.e., age, educatioparticipants produced fewer clusters relative to contrpls:(

and FSIQ) were included as covariates in all ANOVAs. .001, effect sizes> 1.25 for both), but there was no differ-
Nonparametric Kruskal Wallis tests wighost-hocMann-  ence between the LTLE and FES groups (see Table 2). This
Whitney U tests were used with variables that were notdifference remained when demographic variables were in-
normal and unable to be transformed (cluster size, percluded as covariatg$=(3,133 > 7.43,p < .001 for all]*
severations, Token Test, WCST-Categories, WCST—

perseverations). Pearson correlations were used to analyze

relationships between ANWLG correct responses and neurd=luster Size

psychological test variables. Spearman rank-order correlji.

tions were used with nonnormal data. Bonferroni corrected_ 94" Lillustrates the distribution of cluster size by group.

p values were used to interpret significance when muItipIeAnalyses_ shoyved that the groups \2Nere significantly d|.ffer-
comparisongcorrelations were performed. ent on this variable [Kruskal-Wallig<(2) = 8.35,p = .015;
mean ranks: FES 69.93, LTLE= 59.89; controls= 85.08].

Controls generated significantly larger clusters relative to
RESULTS LTL.E participgntglt = —2.9,p < .01), but no other com-

parison was significant. The influence of demographic vari-

ables on the size of clusters was assessed with Spearman
Total Responses Rank Order correlations. These analyses showed cluster size

. was significantly positively correlated with educatian=
The mean Total Responses across the groups is shown i p = .005), and Full Scale IQr(= .32, p < .001).

Table 2. Analyses revealed a significant between group difTherefore, it is possible that these variables may be medi-

ference for Total ResponsgB (2,134 = 42.6,p < .001].  44ing the difference in cluster size between the LTLE and
Post-hocanalyses showed that the FES and LTLE groups.qniro| group.

produced fewer correct responses compared to confocis (
.001; effect sizes> 1.3 for both). This result remained sig- ~— - ,
These findings were also obtained when the nontransformed cluster

niﬁcant when age, education and FSIQ were entered 83yriable was analyzed with nonparametric Kruskal-Wallis and Mann-
covariate§ F (3,133 > 7.4,p < .001 for all]. Whitney tests.

First episode Left temporal
schizophrenia lobe epilepsy Controls
(N=47) (N =59) (N=31)

ssociation Index (Al)
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Perseverative Response Rate FSIQ were not significant; thus the between group differ-

ences cannot be attributed to demographic variables.
Figure 2 shows the distribution of the perseverative re-

sponse rate by group. The between group analysis was sig-

nificant [Kruskal Wallisy?(2) = 7.8,p = .020; mean ranks: Neuropsychological Assessment

FES= 79.97, LTLE= 63.19, controls= 63.42].POSt-hOC and Correlation Ana|yses

tests showed that the FES group made more perseverative

responses than both LTLE € —2.5,p = .013) and NC The group means (or mean ranks) and between group dif-
(z= —2.1,p = .033) participants. There was no difference ferences on the neuropsychological tests of language and
between the LTLE and control groups. The correlations beexecutive functions are reported in Table 3. As can be seen
tween perseverative response rate and age, education, atié patient groups were impaired relative to controls on all

ss | S B ~||mLTLE
@mNC
40 OFES

Number of Participants
W
[l

: - -
15 LLEE]

' e “

0 ; i ( B I '
0 .01-.05 .06 -.10 11-15 16 -.20
Perseverative Response Rate

Fig. 2. Distribution of perseverative response rate by group.
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Table 3. Means (or mean ranks), standard deviations, and between-group differences on background neuropsychological tests

First episode  Left temporal

schizophrenia lobe epilepsy Controls
Measure M SD M SD M SD Analyses Interpretation
Language
Sentence Repetition 14.0 2.6 13.0 25 16.2 2.F(2,124 =15.9,p<.001 LTLE= FES<NC
Token Test* 43.1 55 58.2 x2(2)=37.7,p<.001 LTLE<FES<NC
Boston Naming Test 45.7 9.2 38.9 10.6 54.7 3.77(2,129 = 34.4,p < .001 LTLE< FES< NC
Executive functions
Trails—A 69.6 287 38.8 186 442 17.6 F(2,13) =28.9,p<.001 FES>LTLE > NC
Trails—B 108.9 59.6 925 446 614 29.6F(2,129 =14.4,p<.001 FES=LTLE > NC
WCST-Categories* 51.5 69.9 83.2 x2(2 =16.1,p<.001 FES<LTLE =NC
WCST-Perseverations* 86.4 62.6 40.9 x3(2)=275,p<.001 FES<LTLE <NC

*Mean ranks obtained from Kruskal Wallis Test are reported for all variables that were analyzed with nonparametric analyses.

measures, with the exception of WCST—categories, on whickponses that were as semantically interrelated as controls’
LTLE participants performed comparably to controls. Inresponses (Al). Both LTLE and FES participants accessed
general, LTLE participants performed significantly worse fewer clusters compared to controls, but once a semantic
than FES participants on language tests, while the oppositgluster was accessed, FES participants generated as many
was observed for tests of executive functions. related exemplars as controls (cluster size). By contrast,
Table 4 shows the correlations between neuropsycholod-TLE participants generated smaller clusters relative to con-
ical tests and total responses on ANWLG for each grouptrols. Analyses of the percent of perseverative responses
For the FES group, there was a significant correlation beshowed FES participants generated a higher rate of persev-
tween total responses and both executive and language testsative errors relative to LTLE participants and controls.
For the LTLE group, only the correlation between total re-Finally, FES participants’ ANWLG total responses signifi-
sponses and a test of language was significant. Correlatiorcantly correlated with tests of both language and executive
between total responses and tests of executive functions didnctions, while only the correlation between total re-
not reach significance after Bonferroni correction. Amongsponses and a language test (BNT) was significant in the
controls, the correlation between Total Responses and TrailsTLE group.
B just missed statistical significance. Based on our findings that (1) FES and LTLE partici-
pants generated significantly fewer ANWLG responses rel-
DISCUSSION ative to controls, and (2) the FES group produced responses
that were as semantically related (Al) as control partici-
FES and LTLE participants generated significantly fewerpants, we suggest that FES participants possess relatively
ANWLG correct responses relative to controls. However,preserved semantic knowledge and that semantic knowl-
unlike the LTLE group, FES participants produced re-edge deficits do not account for reduced ANWLG in FES.

Table 4. Animal fluency and neuropsychological test correlations

First episode Left temporal

schizophrenia lobe epilepsy Controls
Measure N r p N r p N r p
Language
Sentence Repetition a7 A4 .002 50 33 019 30 —-.09 .639
Token Test* 47 41 .004 10 .58 .079 30 .38 .037

Boston Naming Test 47 .62 <.001 56 42 .001 29 17 376
Executive functions

Trails—A 47 —.46 .001 56 -—-.16 .250 31 -.38 .035
Trails-B 47 —-.45 .002 55 -—-.17 208 31 -.50 .005
WCST-Categories* 47 .39 .007 54 20 151 31 21 .250

WCST-Perseverations* 47 —.35 016 54 —-30 .032 31 -—-.21 .259

*Pearson Rank Order correlatioridote.Bonferroni correcteg value= .05/21 = .002.
Significant correlations are in italics.
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Our results differ from past studies that have reported seudnlike controls who were able to shift from one subcat-
mantic knowledge degradation in schizophrenia based oagory to another, FES and LTLE participants sampled sig-
ANWLG performance (Aloia et al., 1996; Moelter et al., nificantly fewer subcategories. Thus, on Gruenewald and
2001; Paulsen et al., 1996; Robert et al., 1998; Rossell et alockhead’s (1980) model, we conclude that ANWLG out-
1999). This discrepancy may be explained by differences iput in FES is reduced due to the inability to switch from
methodology, as several past studies have used procedurase semantic subcategory to another in their search for an-
that analyzed only a subset of the most common responseisnal names (i.e., executive component).
which included a larger percent of control responses than The results of the present study parallel those obtained in
patient responses (Aloia et al., 1996; Paulsen et al., 1996 previous study of ANWLG in patients with “cortical”
Rossell et al., 1999). The Al, used in the present study tdi.e., Alzheimer’s disease) and “subcortical” dementia due
assess the semantic organization of ANWLG responses, exe ischemic vascular disease (Giovannetti et al., 1997). Cor-
plores the semantic relatedness of all of the responses prtieal dementia participants performed similarly to the LTLE
duced by each participant. Thus, such semantically rictgroup in the present study (i.e., impaired Al, fewer clusters
response strings agolf, jackal, hyena which are not cap- and reduced cluster size relative to aged-matched controls),
tured with multidimensional scaling techniques, are quanwhile subcortical dementia participants performed more sim-
tified with the Al. ilarly to the FES group (i.e., preserved Al and fewer clus-
Our study also differed from past studies of chronic pa-ters relative to controls, but larger clusters relative to the
tients, such thatwe included only schizophrenia patients whaoortical group). Paulsen et al. (1995) have shown that 50%
had been hospitalized for a single episode of psychotic ill-of a sample of chronic schizophrenia participamMs<175)
ness and who had received less than 12 weeks of cumulativabtained memory profiles consistent with the retrieval def-
neuroleptic treatment. Past studies showing semantic deficitit observed in subcortical dementia, and, therefore, they
in patients with schizophrenia have studied only chronic samhave suggested the possibility that memory dysfunction in
ples. Paulsen et al. (1996), however, did report a differencechizophrenia is a consequence of subcortical pathology.
inthe semantic organization of patients with le¢éesusearly = The present findings extend the results of Paulsen et al.
onset schizophrenia and suggested that the difference m&$995) by demonstrating that schizophrenia participants also
reflect disease progression, the long-term effect of decreaseabtain a “subcortical” profile on ANWLG. However, like
socialization, or premorbid neurodevelopmental differ-Paulsen et al. (1995), we acknowledge that this “subcorti-
ences. Our results strongly urge that further study is necesal” pattern of performance is also consistent with cortical
sary to explore the relationship between disease chronicitfi.e., prefrontal or diffuse) dysfunction.
and semantic knowledge processing in schizophrenia. Further insight into the deficit(s) underpinning reduced
Finally, our study was also unique in that we included aANWLG in FES may be gleaned from the perseverative
LTLE comparison group with known temporal lobe dam- response rate measure and correlational analyses. The rate
age and expected semantic knowledge deficits. The LTLEf perseverative responses was significantly higher in the
comparison group generated fewer ANWLG Total Re-FES group relative to the LTLE and control groups suggest-
sponses and performed significantly more poorly on alling poor response monitoring and inefficient search strat-
ANWLG indices developed to assess semantic knowledgegies in FES. An explanation of perseveration and poor
(i.e., Al, cluster size). This was not true for participantsresponse monitoring is also consistent with the finding that
with FES. Thus, the comparison group served to validatéES participants sampled fewer semantic subcategories (i.e.,
our measures and support our claim that semantic knowklusters). That is, FES participants may have been perse-
edge is relatively preserved in FES. verating, or stuck on a single or few semantic subcategories
The results that point to preserved semantic knowledgereventing them from generating more responses from other
in FES do not, however, explain why these patients geneisubcategories. Support for this account is found in the many
ate fewer responses on ANWLG relative to controls. Thusstudies that report increased perseveration and poor re-
the following question remains: what accounts for the response monitoring in schizophrenia participants on a wide
duced output of FES patients on ANWLG? To answer thisrange of language and nonlanguage tasks (Barr et al., 1989;
question we turn to the model of Gruenewald and Lockheadilder & Goldberg, 1987; Crider, 1997; Perry & Braff, 1998).
(1980). Within the context of that model, the results thatwe The correlation analyses, however, showed ANWLG to-
have just reviewed suggest that FES participants are naal responses significantly correlated with both tests of lan-
impaired in generating words that are semantically interguage and executive function. Thus, a generalized, global
related (i.e., Al). Furthermore, unlike LTLE patients, onceneuropsychological deficit, rather than a specific executive
FES participants accessed a semantic subcategory, they geteficit, must also be considered as a potential explanation
erated as many words as controls from this subcategorfor reduced ANWLG output in FES. Several investigators
(cluster size). Together, these results suggest that the semdrave recently reported a generalized neuropsychological
tic component of ANWLG is relatively unimpaired in FES. deficitin schizophrenia (Bilder et al., 2000; Mohamed et al.,
By contrast, FES patients differed from controls (and per-1999), and have suggested that this general deficit may
formed comparably to LTLE participants) in their ability to explain poor performance on specific tests of executive func-
switch to a new semantic subcategory (cluster). That istions (Laws, 1999).
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CONCLUSIONS Benton, A.L. & Hamsher, K. deS. (1978)ultilingual Aphasia

. Examination lowa City: University of lowa.
In summary, the present results differ from category flu-gjiger, R.M., Bogerts, B., Ashtari, M., Wu, H., Alvir, JM., Jody,

ency studies that report degraded semantic processing in p., Reiter, G., Bell, L., & Lieberman, J. A. (1995). Anterior
chronic schizophrenia patients. Our methods differed from hippocampal volume reductions predict “frontal lobe” dysfunc-
past studies in that all ANWLG responses were analyzed tion in first episode schizophreni&chizophrenia Research
and only first-episode schizophrenia patients were re- 17, 47-58.

cruited. The interpretation of our results was facilitated byBilder, R.M. & Goldberg, E. (1987). Motor perseverations in schizo-
the inclusion of neurologically impaired comparison group _ Phrenia.Archives of Clinical Neuropsychologg, 195-214.

with known temporal lobe damage and semantic knOWI-BIIdBe;;‘_eZ.I\\;IAGF?gijSLJRL;%é }TEOb\I/r\;ﬁIZr(]),nDIE), Ee,lbt\:evri,r(?]qvﬁlgg’rrl;é’r
edge d?f'c'ts'_‘_"’e urge others 1o |ncI1_Jde such comparlson M.G., Geisler, Sp.r,)Kanpe,J.M.,&Lieberman,J.A. (2000). Neuro-
groups in addition to healthy controls in future studies. Ad- . : ; o :
ditional research is needed to determine whether the dis- psychology of first episode schizophrenia: Initial characteriza-

o tion and clinical correlatesAmerican Journal of Psychiatry
crepancy between our results and past studies is due t0 157 549_559.

diffe.rences in d.at.a analysis (i.e.,.A(B muItidimen§ionaI Bilder, R.M., Lipschutz-Broch, L., Reiter, G., Geisler, S., Mayer-
scaling) or participant samples (i.e., FES chronic pa- hoff, D., & Lieberman, J.A. (1991). Neuropsychological defi-
tients), as these factors cannot be disambiguated in the cits in the early course of first episode schizophrenia.
present study. We also acknowledge the limitations of the Schizophrenia Research, 198-199.
Al, which, like multidimensional scaling, takes time to score Bilder, R.M., Lipschutz-Broch, L., Reiter, G., Geisler, S.H., May-
and produces small between-group differences that may not erhoff, D.I., & Lieberman, J.A. (1992). Intellectual deficits in
be useful for clinical diagnosis. Furthermore, the Al is lim-  first-episode schizophrenia: Evidence for progressive deterio-
ited in quantifying semantic associations among responses ration. Schizophrenia Bulletird8, 437-448.
) . . . Chan, A.S., Butters, N., Paulsen, J.S., Salmon, D.P., Swenson,

that are not related to the attributes included in the scoring )

. . . . M.R., & Maloney, L.T. (1993). An assessment of the semantic
procedure (i.e., the association betwdiems, tigers and

” ' network in patients with Alzheimer’s diseaslurnal of Cog-
bearsto a well-known movie). These caveats notwithstand-  itive Neurosciences, 254—261.

ing, the present results suggest that semantic knowledggnertkow, H., Bub, D., Deaudon, C., & Whitehead, V. (1997). On
processing onANWLG is relatively preserved in FES. More-  the status of object concepts in apha8ieain and Language
over, reduced ANWLG in FES may be best explained as 58, 203-232.
impaired response monitoring, deficient search processe€yider, A. (1997). Perseveration in schizophret@ahizophrenia
and/or global cognitive dysfunction. Bulletin, 23, 63-74.
DeRenzi, E. & Falgoni, P. (1978). Normative data and screening
power of a shortened version of the Token T&3brtex 14,
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